Objective: Addison's disease (AD) is a rare endocrine condition. Design: We aimed to evaluate clinical, immunologic, adrenal imaging, and genetic features in 633 Italian patients with AD followed up since 1967. Methods: Adrenal cortex autoantibodies, presence of other autoimmune and nonautoimmune diseases, nonadrenal autoantibodies, adrenal imaging, and genetic profile for HLA-DRB1 and AIRE were analyzed. Results: A total of 492 (77.7%) patients were found to be affected by autoimmune AD (A-AD), 57 (9%) tuberculous AD, 29 (4.6%) genetic-associated AD, 10 (1.6%) adrenal cancer, six (0.94%) post-surgical AD, four (0.6%) vascular disorder-related AD, three (0.5%) post-infectious AD, and 32 (5.1%) were defined as idiopathic. Adrenal cortex antibodies were detected in the vast majority (88-100%) of patients with recent onset A-AD, but in none of those with nonautoimmune AD. Adrenal imaging revealed normal/atrophic glands in all A-AD patients: 88% of patients with A-AD had other clinical or subclinical autoimmune diseases or were positive for nonadrenal autoantibodies. Based on the coexistence of other autoimmune disorders, 65.6% of patients with A-AD were found to have type 2 autoimmune polyendocrine syndrome (APS2), 14.4% have APS1, and 8.5% have APS4. Class II HLA alleles DRB1*03 and DRB1*04 were increased, and DRB1*01, DRB1*07, DRB1*013 were reduced in APS2 patients when compared with controls. Of the patients with APS1, 96% were revealed to have AIRE gene mutations. Conclusions: A-AD is the most prevalent form of adrenal insufficiency in Italy, and w90% of the patients are adrenal autoantibody-positive at the onset. Assessment of patients with A-AD for the presence of other autoimmune diseases should be helpful in monitoring and diagnosing APS types 1, 2, or 4 and improving patients' care.
Introduction
Addison's disease (AD) is a primary adrenal insufficiency resulting from bilateral destruction or dysfunction of the adrenal cortex (1) . This is a rare endocrine condition with a prevalence increasing progressively in Europe from 39 cases/million of individuals in 1968 to 144 cases in the recent years (2, 3, 4, 5, 6, 7, 8) and about 50 per million in the USA (9) .
With regard to the causes of AD, the adrenalitis due to tuberculosis fell from 79 to 17% during the years 1930-1974 (2, 3, 10, 11) .
Autoimmune AD (A-AD) is currently the most common form of adrenal failure in adults (1, 7, 8, 12, 13, 14, 15) , while it is less frequent in children where genetic forms, mainly congenital adrenal hyperplasia, are the most common causes (16, 17, 18) .
A-AD is frequently associated with other clinical autoimmune diseases. In a recent study of 48 A-AD patients from England, 58% had associated autoimmune hypothyroidism, 29% vitamin B 12 deficiency, and 10% type 1 diabetes mellitus (DM1). However, autoantibody screening was not systematically carried out in patients with apparently isolated A-AD (19) .
In a nationwide Norwegian study, 426 patients with A-AD were evaluated and associations with one or more clinical autoimmune diseases have been found in 61% (47% showed thyroid autoimmune diseases, 12% DM1, 11% vitiligo, and 10% pernicious anemia), while 39% had clinically isolated A-AD (8) . However, 27% of the patients with isolated A-AD were found to be positive for nonadrenal autoantibodies (8) . Based on this approach, 88% of Norwegian A-AD patients were found to have one or more clinical or subclinical autoimmune disease or were positive for nonadrenal autoantibodies, while only 12% had true isolated A-AD, i.e. without the evidence of autoimmune responses to other targets (8) .
In this study, we retrospectively reviewed 633 Italian patients with AD registered at our Endocrine Unit and classified them according to etiological, clinical, immunologic, and genetic features.
Patients and methods
Six-hundred and thirty-three patients with AD were registered and followed up in our Endocrine Unit during the years 1960-2010. Our Endocrine Unit is one of the major centers in Italy for the study of adult AD patients, and the majority of the patients came from Veneto and the Northern regions of Italy. A minor proportion of patients came from the other regions in Italy.
The mean period of follow-up was 10.5 years (range 0.5-43 years). Patients were periodically assessed by clinical examination including specific function tests when appropriate and tested for a wide range of autoantibodies.
Clinical autoimmune disease was defined by the presence of typical clinical signs and symptoms, impaired function tests, and presence of the respective autoantibodies. Patients who were positive for autoantibodies and presented impaired relevant function tests in the absence of symptoms of a clinical disease were classed as having subclinical autoimmune disease.
Patients with the specific organ-related autoantibodies in the absence of detectable impairment of the target organ and a clinical disease were also included in the study (1, 20) . These patients were included because they are at risk of progression to overt diseases and, thus, periodically monitored and assessed for symptoms of clinical autoimmune diseases.
The study was approved by the Ethical Committee of the Azienda Ospedaliera-Università of Padova and all the patients gave their written informed consent to the study. The study was performed according to principles of the Helsinki Declaration.
For the purpose of this study, AD was defined by the presence of clinical signs and symptoms of hypoadrenalism with low plasma cortisol and increased ACTH levels. All patients were on substitutive therapy for adrenal insufficiency at the time of the recruitment. Patients with one autoimmune disease and adrenal autoantibodies only and normal plasma renin activity, ACTH, and cortisol levels were excluded from this study.
A-AD was defined as above in patients positive for adrenal cortex autoantibodies (ACA) and/or 21-hydroxylase autoantibodies (21-OHAbs) or in their absence when AD was associated with one or more other nonadrenal autoimmune diseases and/or other autoantibodies with normal/atrophic adrenal glands on imaging.
Patients with thyroid autoimmunity included those with i) chronic thyroiditis (CT; diagnosed by the presence of at least two of the following: thyroid autoantibodies with a titer above the reference range, typical thyroid ultrasound pattern, impaired thyroid function) and ii) active Graves' disease (GD) on treatment with anti-thyroid drugs or in remission with normal thyroid function or patients on thyroxine with hypothyroidism occurring spontaneously or as the result of surgical/radioiodine treatment. In addition, patients with one or more thyroid autoantibodies with normal thyroid function tests were included in the group for the purpose of this study.
Patients with beta-cell autoimmunity had i) DM1 or DM2 with islet cell antibodies (ICA) and/or glutamic acid decarboxylase antibodies (GADAbs) and ii) detectable ICA and/or GADAbs with impaired glucose tolerance. Furthermore, patients with detectable ICA and/or GADAbs and normal glucose tolerance were included.
Patients with gastric autoimmunity were presented with: i) autoimmune gastritis with parietal cell autoantibodies, hypergastrinemia, and microcytic irondeficient anemia; ii) autoimmune gastritis with parietal cell autoantibodies and/or intrinsic factor antibodies, hypergastrinemia, and macrocytic anemia (pernicious anemia); and iii) positive parietal cell antibodies with increased gastrin levels and/or anemia, but without gastroscopic evidence of autoimmune gastritis. Also, patients positive for parietal cell antibodies with either normal gastrin levels and red blood cell count were included.
Patients with ovarian autoimmunity were presented with i) premature ovarian failure (POF) with hypergonadotrophic hypogonadism, autoantibodies to steroid-producing cells (StCA), and/or to 17a-hydroxylase (17a-OHAbs) and/or to side-chain cleavage enzyme (SCCAbs) and ii) positive StCA and/or 17a-OHAbs and/or SCCAbs with increased serum gonadotropin, normal estrogens levels, and normal menses. Patients positive for StCA, 17a-OHAbs, and SCCAbs with normal menses and normal serum levels of gonadotropins were also included.
Patients with celiac disease were presented with i) positive endomysial antibodies (EmA) or tissue transglutaminase autoantibodies (tTGAbs) and villous atrophy with intraepithelial lymphocytic infiltration of the jejunal mucosa with clinical manifestations (clinical disease) and ii) positive tTGAbs and/or EmA, and evidence of villous atrophy with lymphocytic infiltration of the jejunal mucosa without clinical manifestations. Furthermore, the group included patients with tTGAbs and/or EmA only without clinical manifestations and with normal jejunal histology.
Autoimmune malabsorption was defined by the presence of i) tryptophane hydroxylase autoantibodies (TPHAbs) with gastrointestinal dysfunction and low serum levels of serotonin and ii) TPHAbs without 774 C Betterle and others EUROPEAN JOURNAL OF ENDOCRINOLOGY (2013) 169 www.eje-online.org gastrointestinal dysfunction, but with low serum levels of serotonin (21) . Patients with TPHAbs without gastrointestinal dysfunction and with normal serum levels of serotonin were also included (21) .
Other autoimmune diseases (alopecia, vitiligo, myasthenia gravis, Sjogren's syndrome, multiple sclerosis, etc.) were diagnosed on the basis of clinical criteria and by specific laboratory tests.
A-AD patients who had other autoimmune diseases were diagnosed with autoimmune polyendocrine syndrome (APS) according to Neufeld and Blizzard's original criteria (22) and to the modified criteria proposed by Betterle et al. (1, 23) . Specifically, patients were assigned to APS1 when A-AD was associated with chronic candidiasis (CC) and/or chronic hypoparathyroidism (CH). Patients were classed as having APS2 when A-AD was associated with clinical thyroid and/or beta-cells autoimmunity (complete forms). A-AD patients with incomplete APS2 had the evidence of thyroid and/or beta cells autoimmunity in the absence of clinical diseases. Patients with complete APS4 had A-AD associated with other clinical autoimmune diseases except DM1 or thyroid autoimmunity (complete form), while patients with an incomplete form of APS4 were positive for autoantibodies (except for thyroid and diabetes associated autoantibodies) without overt diseases (1, 23) .
AD patients with ACA and/or 21-OHAbs without any clinical and subclinical autoimmune diseases or nonadrenal autoantibody positivity were defined as having isolated A-AD.
AD patients without ACA, 21-OHAbs, or any evidence of clinical or subclinical autoimmune diseases, or negative for autoantibodies with normal adrenal imaging were classified as having idiopathic AD.
Autoantibodies
At the entry into the study, and periodically during the follow-up, 619 out of the 633 patients with AD were tested for ACA and 473 for 21-OHAbs, as previously described (24, 25) .
Recently, the measurements of 21-OHAbs in our laboratory were assessed in an inter-laboratory concordance study for 21-OHAbs determinations, carried out to compare measurements from different laboratories using different methods (26) . This study showed strong concordance among laboratories on reporting 21-OHAbs-positive/-negative samples. The sensitivity for A-AD was O80% in all the four participating laboratories (26) .
Furthermore, irrespective of clinical features, all the patients were screened for autoantibodies to thyroglobulin (TgAbs), thyroid microsomes (TMAbs) or thyroperoxidase (TPOAbs), parietal cells (PCA), intrinsic factor (IFA), ICA, GADAbs, StCA, 17a-OHAbs, SCCAbs, melanin-producing cells (MPCAbs), liver-kidney microsomes (LKMAbs), IgA-tTGAbs or IgA-EmA, aromatic-L-aminoacid decarboxylase (AADCAbs), and TPHAbs, as previously reported (27, 28, 29, 30) .
In patients with APS1 or in those with AD who developed the disease under the age of 20 years, antibodies to interferon omega (IFNAbs) were tested, as previously described (31) .
In patients with nonadrenal autoantibody positivity only (detected before, at the onset, or after the diagnosis of A-AD), the annual incidence of the related disorders (clinical or subclinical according to the criteria defined above) as, clinical or subclinical autoimmune thyroid diseases, autoimmune gastritis, pernicious anemia, DM1, POF or celiac disease, was calculated by dividing the number of newly affected patients by the patients' years of follow-up. Each patient contributed to the total sum of patients' years with a period ranging from the start of the detection of the specific autoantibody until the disease was diagnosed or the observation period ended.
HLA-DRB1 typing
HLA-DRB1 molecular typing at low resolution level was performed in 229 patients with A-AD: 154 with APS2, 33 with APS1, 31 with isolated A-AD, and 11 with APS4. A total of 300 healthy donors randomly selected from the Bone Marrow Donor Register PD02 were used as controls. DNA was extracted from 400 ml of peripheral blood using a QIAamp DNA minikit (Qiagen). HLA typing was carried out using PCR sequencespecific primers (PCR-SSP) using commercial kits (Olerup SSP, Stockholm, Sweden). For each sample, 23 PCRs were performed and the amplification products were detected by electrophoresis on 2% agarose gel (32) .
The phenotypic frequencies were compared with those obtained from the controls and P values were calculated using Fisher's exact test, two tails.
AIRE gene mutations
All the 14 exons of the AIRE gene and their flanking exon-intron boundaries (GenBank accession no. Aj009610) were analyzed using the methods previously described (33) in 100 patients with A-AD; specifically 70 in the context of APS1 and 30 with other forms of A-AD (APS2, APS4, or isolated disease) diagnosed before 20 years of age. A group of 150 healthy blood donors was used as controls.
Imaging
Imaging of the adrenal glands using computerized tomography or magnetic resonance imaging was carried out in 317 patients with AD (240 with A-AD, 50 with tuberculous AD (TBC-AD), ten with cancer (C-AD), 15 with genetic forms (G-AD), one with antiphospholipid syndrome, and one with blastomycosis).
Treatment
Different forms of treatment received for adrenal failure were analyzed in 610 of our AD patients.
Results

Etiology of AD
Out of the 633 patients, 492 (77.7%) had A-AD, 57 (9.0%) had TBC-AD, 29 (4.6%) had G-AD, 10 (1.6%) had C-AD, six (0.95%) had post-adrenalectomy AD (S-AD), four (0.6%) had vascular disorders (V-AD), in three patients (0.5%) AD resulted from infections with adrenal involvement (I-AD), and 32 (5.1%) were idiopathic.
The frequency of different forms of AD (A-AD, TBC-AD, and other forms) diagnosed during the various decades from 1960-1970 to 2000-2012 was summarized in Fig. 1 .
Patients with A-AD
The 492 patients with A-AD were followed up from the onset of the disease for a mean period of 10.5 years (range 0.5-43 years) and periodically assessed for the presence of other autoimmune diseases (clinical or subclinical) and/or autoantibody positivity. A-AD patients with associated autoimmune diseases were assigned to different APS according to previously reported criteria (20) .
Overall, 436 of 492 patients (88.6%) were assigned to APS forms. In particular, 322 (65.6%) had APS2, 72 (14.4%) APS1, 42 (8.5%) APS4, while 56 (11.4%) had isolated A-AD. For the purpose of this study, patients with APS1, APS2, and APS4 included patients with clinical and subclinical autoimmune diseases and the patients positive for nonadrenal autoantibodies without clinical disease. Figure 2 shows the age at AD onset in patients with APS1, with other forms of A-AD, or in those with TBC-AD. The mean age at A-AD onset varied from 15 years in patients with APS1, 35 years in those with APS2, 32 years in those with APS4, and 28 years in those with isolated A-AD.
Adrenal autoimmunity ACA were measured in 619 patients with AD (492 with A-AD and 127 without A-AD) and 21-OHAbs in 473 patients with AD (370 with A-AD and 103 without A-AD). ACA were found to be positive in 398/492 (80.1%) and 21-OHAbs in 325/370 (87.8%) patients with A-AD of different disease duration ( Fig. 3) . None of the patients with other forms of AD were positive for ACA and/or 21-OHAbs.
ACA were tested in 463 patients with known duration of A-AD and they were found in 246 of 290 (84.8%) patients with short disease duration (%2 years), in 74 of 105 (70.5%) with intermediate disease duration (O2-12 years), and in 37 of 68 (54.4%) patients with a longstanding disease (O12 years) ( Fig. 3) .
21-OHAbs were tested in 303 patients with known duration of A-AD and they were positive in 170 of 189 (90%) patients with short disease duration (%2 years), At the onset of AD, ACA and 21-OHAbs were respectively detected in 90.5% and in 91.7% of APS1 patients, in 88 and 93.3% of APS2 patients, in 94.7 and 100% of APS4 patients, and in 94.6 and 100% of patients with isolated A-AD.
Both ACA and 21-OHAbs were tested in the same serum sample in 326 patients with AD and the two tests were concordant in 278 samples (85.3%). Particularly, 229 (70.2%) were positive for both (ACA and 21-OHAbs) and 49 (15%) were negative for both. There were 48 (14.7%) discordant samples results: 33 (10.1%) were ACA-negative/21-OHAbs-positive and 15 (4.6%) were ACA-positive/21-OHAbs-negative.
Nonadrenal autoimmune diseases associated with A-AD
The prevalence and the associations of the major autoimmune disorders in patients with APS1 and APS2 are summarized in Table 1 . The most common association in APS1 was A-AD, CC, and CH, while the less common was A-AD and CC. The most common association in APS2 was A-AD and CT, while the less common was the triad A-AD, GD, and DM1. Table 2 summarizes the prevalence of other autoimmune disorders (clinical and subclinical) and cancer in patients with APS1, APS2, APS4, and isolated A-AD observed at the end of the follow-up.
Patients with APS1 In patients with APS1, the mean age at A-AD onset was 15 years (range 2-41). CC developed at a mean age of 8 years (range 1-58) and CH at a mean age of 9.6 years (range 1-51). The female:male ratio was 2.1 and adults:children ratio was 0.8.
CT was found in 20 APS1 patients; seven patients (35%) developed thyroiditis before the onset of A-AD, four (20%) at the onset of A-AD, and nine (45%) after A-AD. Only one patient had GD that developed after the onset of A-AD. In patients positive for thyroid autoantibodies alone at the onset or after the diagnosis of A-AD, the annual incidence of thyroid autoimmune diseases was 3%/year (mean follow-up 6.8G7.1 years). At the end of the observation period, nine patients (12.5%) were positive only for thyroid autoantibodies and continued to be followed up ( Table 2) .
Pancreatic autoimmunity was evident in four patients with DM1, all diagnosed before A-AD. Twenty-six patients (36%) were found to be positive for ICA and/or GADAbs at the onset or after the onset of A-AD, but none developed overt DM1 during follow-up (mean 10.8G8.9 years) ( Table 2) .
Twenty-three patients with APS1 (32%) developed autoimmune gastritis with or without pernicious anemia, 14 (61%) before and nine (39%) after the onset of A-AD. In autoantibody-positive patients, the annual incidence of autoimmune gastritis was 2.6%/year (mean follow-up 6.2G6.1 years). At the end of the observation period, 18 patients (25%) were positive for PCA and/or IFA and continue to be followed up ( Table 2) .
Celiac disease was diagnosed in one APS1 patient (1.4%) before the onset of A-AD, while three patients had antibodies to tTG and/or endomysium (4.2%); however, none developed disease after a mean follow-up of 7.5G9.4 years. These patients continue to be followed up ( Table 2) .
Ovarian autoimmunity was found in 19 females (39%) who developed POF after 5.8G6.9 years from the diagnosis of A-AD. In all cases, POF was preceded by the presence of StCA and/or 17a-OHAbs and/or SCCAbs, and the annual incidence of POF in antibody-positive patients was 2%/year. At the end of follow-up 17 (35%) patients were StCA and/or 17a-OHAbs and/or SCCAbs positive and continue to be monitored ( Table 2) . A-AD, autoimmune Addison's disease; APS1, autoimmune polyendocrine syndrome type 1.
Table 2
Main autoimmune and nonautoimmune diseases associated with the different forms of A-AD at the end of the study. Sixteen patients (22.2%) were affected by vitiligo and all were positive for MPCAbs. Vitiligo was evident before A-AD in seven cases (43.7%) at the onset of A-AD in three (18.8%) and after A-AD in six (37.5%). The annual incidence of vitiligo in MPCAbs-positive patients was 1.2%/year (mean follow-up 6.4G5.5 years). At the end of the observation period, four patients had MPCAbs and continue to be monitored ( Table 2) . Twenty-two patients (30.6%) were affected by alopecia that developed before A-AD in 13 (59.1%), at the onset of A-AD in four (18.2%), and after A-AD in five patients (22.7%) ( Table 2 ). Eighteen (25%) patients developed autoimmune hepatitis: before A-AD in eight cases (44.4%), at the same time in three cases (16.7%), and after A-AD in seven cases (38.9%). Twelve patients (16.7%) were affected by autoimmune malabsorption with positive TPHAbs, while 26 (36%) were found to be positive for TPHAbs and are being followed up for gastrointestinal function and serum levels of serotonin ( Table 2 ). Seven patients (9.7%) developed cancer of the upper digestive tract (three mouth, two esophagus, and two stomach). One of these patients developed multiple tumors.
Patients with A-AD
Patients with APS2
In patients with APS2, the mean age at A-AD onset was 34.6 years (range 1-85), DM1 28.5 years (range 2-91), and autoimmune thyroid diseases 35.8 years (range 7-80). The female:male ratio was 2.3 and the adult:children ratio was 16/1 ( Table 2) .
In this group, 235 (68.4%) patients developed clinical or subclinical thyroid autoimmune diseases: specifically 194 had CT and 41 had GD ( Table 2 ). Of the 194 who developed CT, the diagnosis was made before the onset of A-AD in 96 (49%), at the onset of A-AD in 54 (28%), and after the diagnosis of A-AD in 44 (23%). Of the 41 patients with GD, the disease was diagnosed before A-AD in 29 (71%), at the onset of A-AD in one (2%), and after A-AD in 11 (27%). In patients with thyroid autoantibodies, the annual incidence of progression to clinical or subclinical thyroid disease was 8%/year (mean follow-up 3.4G5.5 years). At the end of the follow-up, 67 patients (20.8%) had thyroid autoantibodies with normal thyroid function and are followed up by measurement of serum TSH on an annual basis ( Table 2) .
Autoimmunity toward pancreatic islet cells was found in 51 patients (15.8%) who presented with DM1. DM1 was diagnosed before A-AD in 36 (71%), at the onset of A-AD in seven (14%), and after A-AD in eight (16%) patients. In subjects with ICA and/or GADAbs detected at the onset or after A-AD, DM1 developed with an annual incidence of 2%/year (mean follow-up 6.3G7.1 years). At the end of the observation period, 37 patients (11.5%) were ICA and/or GADAbs positive and are followed up by an annual oral glucose tolerance test (OGTT) ( Table 2) .
Autoimmune gastritis with or without pernicious anemia was diagnosed in 39 (12%) patients, before A-AD in five (12.8%), at the onset of A-AD in five (12.8%), and after A-AD in 29 (74.4%) patients. The annual incidence of clinical or subclinical disease in patients with gastric autoantibodies was 2%/year (mean follow-up 5.4G6.0 years). At the end of the observation period, 95 patients (29.5%) were PCA and/or IFA positive and are followed up annually by measurement of gastrinemia and red blood cell count ( Table 2) .
Thirty-four patients (10.6%) were affected by vitiligo, all being negative for MPCAbs. Vitiligo was discovered before A-AD in 23 (67.6%), at the onset of A-AD in five (14.7%), and after A-AD in six patients (17.6%) ( Table 2 ). Ten patients (3.1%) were affected by alopecia that developed before A-AD in six (60%), at the onset of A-AD in three (30%), and after A-AD in one patient (10%) ( Table 2) .
Celiac disease was diagnosed in four patients (1.2%), one (25%) before the diagnosis of A-AD, and three (75%) after the onset of A-AD. In five patients with tTGAbs, the annual incidence of celiac disease was 30%/year (mean follow-up 3.0G4.1 years). At the end of follow-up, two patients (0.6%) were positive for tTGAbs and continued the follow-up ( Table 2) .
POF was diagnosed in 31 patients (13.8%). All developed POF after the onset of A-AD and all were found to be positive for StCA and/or 17a-OHAbs and/or SCCAbs before the onset of the disease. In patients positive for StCA and/or 17a-OHAbs and/or SCCAbs, an annual incidence of POF was found to be 2%/year (mean follow-up 4.7G2.8 years). At the end of the observation period, 53 patients were StCA and/or 17a-OHAbs and/or SCCAbs positive and their gonadal function is followed up yearly ( Table 2) .
Seventeen patients (5.3%) developed cancer: eight breast cancer, two papillary thyroid carcinoma, one medullary thyroid carcinoma, one nonsecreting pituitary adenoma, two cutaneous tumors, one astrocytoma, one meningioma, and one exocrine pancreatic carcinoma.
Patients with APS4
In patients with APS4, the mean age at A-AD onset was 32 years (range 6-62), the female:male ratio was 1.2 and adults:children ratio was 5.3.
Five patients (11.9%) were affected by autoimmune gastritis, with or without pernicious anaemia. In four (80%) the condition was diagnosed before and in one (20%) after the onset of A-AD. In patients with PCA and/or IFA, the annual incidence of the disease was 3%/year. Five females had POF (21.7%) and in all the disease occurred after the diagnosis of A-AD. In all patients, POF was preceded by the presence of StCA and/or 17a-OHAbs and/or SCCAbs with an annual incidence of 6%/year. At the end of the observation period, eight females were positive for StCA and/or 17a-OHAbs and/or SCCAbs and their gonadal function is assessed on yearly basis. Three patients (7.1%) were affected by vitiligo, all being negative for MPCAbs. In these patients, vitiligo developed before A-AD in two and after A-AD in one. Celiac disease developed in two patients (4.8%); in both the disease was diagnosed after A-AD on the basis of the positive test for tTGAb. Two patients (4.8%) were affected by alopecia and both developed it after the onset of A-AD (Table 2 ). One patient (2.4%) developed cancer (lymphoblastic leukemia).
Patients with isolated A-AD In patients with isolated A-AD, the mean age at AD onset was 28 years (range 3-62), the female:male ratio was 0.6 and adults:children ratio was 3.9 ( Table 2 ). There were four cases of cancer among these patients: one had papillary thyroid carcinoma, one testicular carcinoma, one giant cell cutaneous carcinoma, and one had hip-bone osteoma.
Adrenal imaging
Radiologic imaging of adrenal glands was performed in 240 patients with A-AD. Ultrasound adrenal examination was performed in 123 patients: normal adrenal glands were found in 113 patients (92%) while in ten patients they were not detectable (8%). CT scan was performed in 108 and was normal in 66 subjects (61%), in 41 patients the adrenals were reduced in size/volume and in one patient (39%) there was a slight increase in adrenal volume. RMN examination was performed in nine subjects and was normal in four (44%) patients, while in five (56%) the adrenals were reduced in size/volume. None of the adrenal glands showed calcifications. There were no differences in adrenal imaging between the different forms of A-AD.
HLA-DRB1 frequencies
The frequency of class II HLA haplotypes DRB1*03 and DRB1*04 was significantly increased only in the APS2 group (P!0.0001), while DRB1*01, DRB1*07, DRB1*11, and DRB1*13 were significantly reduced (P!0.0001) in patients with APS2 (with or without DM1 or autoimmune thyroid diseases). In isolated A-AD, only DRB1*03 was increased, also if not significantly different from controls (PZ0.06).
AIRE gene mutations
AIRE gene mutations in homozygosis or in compound heterozygosis were found in 67 of 72 patients (93%) with A-AD in the context of APS1. In five patients, no AIRE gene mutations were detected. IFNAbs were detectable in 69 of 72 patients (95.8%) with APS1. Two of the five patients without AIRE gene mutations were also IFNAbs negative. Out of 30 patients who developed A-AD before 20 years of age and without other major components of APS1, all being negative for IFNAbs, AIRE gene mutations were found in only one case. This was a female with R471C/R471C mutation on exon 12 who developed A-AD at 14 years of age and later during follow-up (at the age of 18 years) developed vaginal candidiasis resistant to antifungal therapy, consistent with the clinical presentation of APS1.
Patients with TBC-AD
In the 57 patients with TBC-AD, the mean age at disease onset was 52 years (range 19-75). There were 15 females and 42 males with a female:male ratio of 0.36. Figure 2 shows the age of TBC-AD onset at different decades of life. The highest number of cases was diagnosed in the fifth and sixth decades of life (36 of 57 patients, 63.2%). The patients with TBC-AD were followed up for a mean period of 10.5 years (range 0.5-46 years).
ACA and 21-OHAbs were negative in all the 50 tested patients with TBC-AD. Some patients had associated diseases, two patients had alopecia (3.5%), one vitiligo (1.8%), two DM2 (3.5%), two DM1 (3.5%), one pemphygus (1.8%), and two had cancer (3.5%) (one multiple myeloma and one papillary thyroid carcinoma).
In the case of 50 reviewed patients with TBC-AD, radiologic imaging showed an increase in adrenal volume, with or without calcifications, in 45 patients (90%). In the remaining five patients, adrenal glands appeared small, with calcifications or fibrosis.
Patients with adrenal cancer
Out of the ten patients with C-AD, two had primary adrenal carcinoma and eight had metastatic involvement of both adrenal glands due to different cancers (four renal carcinomas, three nonHodgkin lymphoma, and one breast carcinoma). The mean age at onset of C-AD was 55 years (range 31-78) with a female:male ratio of 2.3. All ten patients with C-AD were negative for ACA and 21-OHAbs. On imaging, bilateral adrenal masses were evident in all the cases.
Patients with genetic forms of AD
Twenty-four of 29 (all males) had adrenoleukodystrophy with a mean age at onset of 18 years (range 1-63), two had 21-hydroxylase deficiency, one had X-linked congenital adrenal hypoplasia with mutation of DAX1 (NR0B1) (dosage-sensitive sex reversal, adrenal hypoplasia critical region, on chromosome X, gene 1), one had POEMS (polyneuropathy, organomegaly, endocrinopathy, M-protein skin abnormalities), and one had ACTH receptor mutation. ACA and 21-OHAbs were negative in 22 patients tested.
Patients with AD after adrenalectomy
This group included six patients (four developed adrenal insufficiency after bilateral adrenalectomy for Cushing's syndrome, one underwent surgery for benign bilateral adrenal masses, and one for a Carney complex). All six patients were negative for ACA and 21-OHAbs.
Patients with vascular disorders
In four cases, adrenal failure was due to vascular disorders: two had anti-phospholipid syndrome with imaging showing increased adrenal volume with bilateral hemorrhagic infarction, one had congenital bilateral hemorrhage, and one had Waterhouse-Friderichsen syndrome. All these patients were negative for ACA and/or 21-OHAbs. Imaging in patients with anti-phospholipid syndrome revealed bilateral increased adrenal volume with a central area of hemorrhage.
Patients with rare infections
In three patients, adrenal failure appeared after infections involving the adrenals: two had blastomycosis and one had HIV. All these three patients were negative for ACA and 21-OHAbs.
Treatment of patients with AD
Five-hundred and thirty-five patients with AD were on cortisone acetate (mean dose 31.5 mg/daily, range 25-50 mg/daily) and only 75 were on hydrocortisone (mean 15 mg/daily, range 10-30 mg/daily). The medications were usually taken in two or three doses/day. A large proportion of the patients were also on fludrocortisone treatment (mean dose 0.075 mg/daily, range 0.05-0.2 mg/day) in one morning dose. Patients were also receiving appropriate treatment for the associated diseases, when present.
Discussion
We reviewed 633 patients with AD registered at the Endocrine Unit in Padova during the years 1967-2010. This represents the largest cohort of patients with AD from one national region described to date. The great majority of patients (77.7%) had A-AD, while 9% had TBC-AD. Patients with other forms of AD (genetic, postsurgical, vascular, or infectious) were the minority of the cases (8%), and in only 5% the etiological diagnosis was missing (idiopathic forms). Evaluating how different forms of AD varied in diagnosis frequency during the years, as expected, we found a progressive increase in autoimmune forms from 54.2 to 83.7%, while TBC-AD decreased from 33.3 to 3%. The other forms remained stable during the observation period (12.5-13 .3%).
The autoimmune nature of AD was denoted by the presence of ACA and/or 21-OHAbs. When ACA and/or 21-OH Abs were tested within 2 years from the diagnosis of adrenal insufficiency, more than 90% of the patients were positive; however, autoantibody positivity decreased over time after the onset. The prevalence of ACA/21-OHAbs among patients with different clinical presentations of A-AD, i.e. isolated or in the context of an APS, was not significantly different.
There was an association between ACA and/or 21-OHAbs positivity and adrenal imaging findings. All adrenal antibody-positive patients had normal or atrophic glands on imaging and only one of the 240 patients examined showed a slight increase in adrenal volume, probably related to inflammatory infiltration of the glands. This is consistent with the observations that detection of ACA/21-OHAbs is the test of choice for identifying the autoimmune nature of AD while adrenal imaging provides no additional value for the diagnosis (13) . For these reasons, adrenal imaging was no longer performed in ACA/21-OHAbs-positive patients recruited more recently in our study. However, adrenal imaging may be necessary in clarifying the nature of AD in adrenal antibody-negative patients (13) .
Many studies reported that clinically associated autoimmune manifestations were present in no more than 50% of A-AD patients (1, 19) . However, according to more recent criteria, the natural history of autoimmune endocrine disorders is usually characterized by three sequential stages, i.e. potential, subclinical, and clinical disease (1, 23) . Consequently, patients with APS may present two or three clinical diseases or at least either one clinical disease and another subclinical manifestation or one clinical disease with autoantibody positivity only. According to these criteria, the authors of a recent nationwide Norwegian study demonstrated that the association with a clinical or subclinical autoimmune diseases, or autoantibody positivity only, was found in 88% of patients with A-AD, while only 12% had isolated A-AD (8) .
In the present survey, after a mean observation period of 10 years, 88.6% of A-AD patients were presented with at least one or more clinical or subclinical autoimmune disorder or autoantibody positivity only, while only 11.4% of patients were free from any autoimmune manifestations, and therefore had isolated A-AD. Our data confirm the results of the Norwegian study on A-AD in Italy.
Considering the various autoimmune combinations, APS2 was the most common form and was found in 65.6% of patients with A-AD, followed by APS1 diagnosed in 14.4% and APS4 found in 8.5%. These observations confirm that A-AD is a condition that shows the highest association with other autoimmune diseases. Previously, we have reported a prevalence of 5% of celiac disease in 109 patients with A-AD; however, in the current study the prevalence of clinical or latent celiac disease was 1.6% (34) .
In this study, we have assessed for the first time the different timing of development of other autoimmune disorders in relation to the onset of A-AD. Furthermore, we have calculated the risk of developing new clinical or subclinical diseases in patients with other organ-specific autoantibodies only, expressed as annual incidence. We have found that both the timing of development and the annual incidence of other autoimmune diseases varied greatly in different forms of A-AD. For example, the presence of thyroid antibodies was associated with an almost threefold greater risk of developing thyroid diseases in patients with APS2 than in those with APS1 (8 vs 3%/year respectively). In addition, 3/5 APS2 patients positive for tTGAbs developed celiac disease while none of tTGAbs-positive APS1 patients progressed to overt disease. The number of patients who progressed to overt celiac disease was low and this limited the calculation of the risk of developing the disease. However, these observations suggest that the risk of progression to overt thyroid or celiac diseases may vary greatly depending on different APS type.
The prevalence of class II HLA alleles DRB1*03 and DRB1*04 was significantly increased, while that of DRB1*01, DRB1*07, DRB1*013 was reduced in patients with APS2 only compared with controls, confirming previous reports (8) . Regarding other A-AD forms, isolated A-AD showed an increment of DRB1*03 near statistical significance, but the small number of patients studied in this group may be a limiting factor. Almost all patients with APS1 in our survey (96%) had AIRE gene mutations, in agreement with previous studies (33, 35, 36, 37, 38) ; no correlation with class II HLA alleles was detected in this group.
Analysis of patients with different forms of A-AD showed common and different features. Common features were positivity for adrenal cortex antibodies and imaging of adrenal glands. Different features included the patients' age at disease onset (younger in APS1), the female:male ratio (higher in APS1 and APS2 compared with other forms), the presence of AIRE gene mutations and IFNAbs (in patients with APS1), the association with specific class II HLA antigens (in patients with APS2), as well as differences in the prevalence and annual incidence of other autoimmune diseases and cancer (Table 3) .
In our patients, the second most frequent cause of adrenal failure was tuberculosis. In contrast to A-AD, TBC-AD developed later in life, was more prevalent in males than females and diagnosed only in adults. ACA and/or 21-OHAbs were typically absent, while imaging showed enlarged adrenal glands with or without calcifications. These features clearly discriminate TBC-AD from A-AD (Table 3 ). The other forms of AD had genetic, vascular, post-surgical, malignant, or infectious origin.
The analysis of the distinctive features of AD reported in this study should be helpful in identifying the various etiological forms of AD, as well as classifying the different forms of A-AD. A-AD was found to be the predominant form of adrenal insufficiency in Italy and ACA/21-OHAbs are excellent serological markers of the disease, being usually detectable in more than 90% of the patients at the onset of the disease.
The outcome of this study would be a recommendation that in order to optimize health care costs and improve the diagnostic work-up of AD, ACA or 21-OHAbs tests should be carried out first preferably at Table 3 Main features of patients with A-AD and TBC-AD.
Etiological forms
A-AD (nZ492; Frequency 77.7%) TBC-AD (nZ57) the diagnosis of adrenal insufficiency. The 21-OHAbs test performed by RIA is more sensitive but may be more expensive than ACA by immunofluorescence. In the case of detectable adrenal autoantibodies, A-AD could be diagnosed with confidence and adrenal imaging would not be necessary. In contrast, adrenal imaging and further investigations would be indicated in adrenal antibody-negative patients. However, patients with A-AD should be screened for nonadrenal autoantibodies (at least to thyroid, parietal cell, intrinsic factor, islet cell, or GAD and, in females, to StCA or SCC or 17aOH) as these could be serological markers of a subclinical dysfunction of the target organ(s). Furthermore, autoantibody-positive patients with normal function of the target organ should be followed up. In addition, in the case of family history of autoimmune diseases, specific autoantibodies and biochemical/function tests should be carried out, in particular when a clinical disease is suspected. This approach should allow the clinicians to identify A-AD patients with polyendocrine autoimmune involvement at a very early stage and alert to a possibility of the development of associated diseases. Furthermore, when required, appropriate treatment interventions could be commenced without delay.
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